Piscine orthoreoviruses (PRVs) are emerging pathogens causing circulatory disorders in salmonids. PRV-1 is the etiological cause of heart and skeletal muscle inflammation (HSMI) in farmed Atlantic salmon (Salmo salar), characterized by epicarditis, inflammation and necrosis of the myocardium, myositis and necrosis of red skeletal muscle. In 2017, two German breeding farms for Atlantic salmon and rainbow trout (Oncorhynchus mykiss) experienced disease outbreaks with mortalities of 10% and 20% respectively. The main clinical signs were exhaustion and lethargic behaviour.
about 85% nucleotide identity to PRV-1 on the S1 segment. Similar to PRV-1, PRV-Om was also associated with an HSMI-like disease (Olsen, Hjortaas, Tengs, Hellberg, & Johansen, 2015) . A closely related viral strain was also detected in Coho salmon (Oncorhynchus kisutch) in Chile (Godoy et al., 2016) . Coho salmon is also susceptible to another subtype of PRV detected in Japan, PRV-2, causing the erythrocytic inclusion body syndrome (EIBS) (Takano et al., 2016) . In line with the nomenclature proposed by Dhamotharan et al. (2018) , we use PRV-3 to name the PRV described from rainbow trout (previously named PRV-Om).
Piscine orthoreovirus infections could be involved in reduced performance of infected fish (Lund et al., 2017; Morton, Routledge, Hrushowy, Kibenge, & Kibenge, 2017) . Therefore, PRV can be considered as a threat to aquaculture and the aquatic environment. German aquaculture, with a significant production of rainbow trout and conservation programs for Atlantic salmon in several river systems, is potentially vulnerable to the impact caused by these virus infections. The common trading of fertilized eggs and live animals, both intra-and inter-continentally, makes the potential spread of aquatic viruses rapid and broad (Crane & Hyatt, 2011) . Therefore, we decided to evaluate the prevalence of piscine orthoreoviruses in German salmonid populations with indications of circulatory system failure.
PRV-1 replicates in cardiomyocytes and erythrocytes (Finstad et al., 2012 (Finstad et al., , 2014 . Currently, it is not possible to cultivate the virus in cell culture monolayers: Thus, laboratory tests for conducting surveillance and diagnostics mostly rely on specific reverse-transcriptase quantitative PCR (RT-qPCR) protocols (Olsen et al., 2015; Palacios et al., 2010) supported by immunohistochemistry. In 2017, a two-step RT-PCR based screening for PRV-1 and PRV-3 was initiated at the Fish Disease Research Unit, University of Veterinary Medicine in Hannover, Germany. Additional viruses (salmonid alphavirus type 2, SAV-2, piscine myocarditis virus, PMCV and Atlantic salmon calicivirus, ASCV) were included in the examinations due to their associations with myocardial diseases (Wiik-Nielsen, Alarcon, Jensen, Haugland, & Mikalsen, 2016) .
| MATERIAL AND METHODS

| Outbreak 1
In 2017 a German farm specialized in breeding salmonids (Atlantic salmon, tiger trout Salmo trutta × Salvelinus fontinalis and rainbow trout) experienced a disease outbreak followed by mild chronic health problems spread over a period of two to three months (March till May) in Atlantic salmon and tiger trout kept in fresh water. This led to cumulative mortalities estimated as being 5%-10% of the affected stocks. Affected fish showed signs of exhaustion, reduced mobility and lethargic behaviour. During necropsies, sporadic bleedings in the muscles and the pericardium were observed. Samples from these fish were examined for the presence of viral infection by cultural methods as described below. Since these analyses gave negative results, one Atlantic salmon and five tiger trouts (Salmo trutta × Salvelinus fontinalis) were sampled for molecular diagnostics of virus infection. Over a period of 6 months post the initial outbreak, further Atlantic salmon individuals were included in this analysis. The complete panel of specimen collected for laboratory investigations consisted of n = 34 Atlantic salmon (with a body length of 17-52 cm) and n = 5 tiger trout (with a body length of 20-21 cm) (Table 1) . Furthermore, wild Atlantic salmon (n = 4; with a body length of 62-101 cm) captured in rivers in western Germany were also included in the analyses.
| Outbreak 2
In the same year, a rainbow trout farm in central Germany experienced a disease outbreak in early summer, lasting for two weeks and affecting all age groups excluding the fry. Diseased fish showed darkening of the skin, lethargic behaviour and the mortality rate reached 20% in affected stocks. The internal clinical signs were similar to those seen in Atlantic salmon from Outbreak 1, with hemorrhaging in the muscles and the heart. Eight diseased fish from the group subjected to final ongrowing (16 months old), with a body length of 15-31 cm, were sampled for analysis (Table 2) .
In both cases, the fish samples were subjected to classical bacteriologic and virologic culturing test, and analyzed for the presence of nucleic acids of PRV-1, PRV-3, SAV-2, PMCV and ASCV as described below.
Tissue samples (heart, spleen, kidney, head kidney) were collected into RNAlater from all fish and total RNA was extracted from 50 mg of selected tissue using TRI-Reagent (Sigma) in accordance with the manufacturer's instructions. cDNA was transcribed from 900 to 1000 ng total RNA using the Maxima First Strand cDNA Syn- Table S1 . After electrophoretic separation in a 1% agarose gel containing 1× Gel Red (Biotium) fluorescent DNA stain and visualization in 302-nm UV light, the PCR products were used for Sanger's direct sequencing performed by LGC Genomics (Berlin, Germany). The obtained nucleotide sequences, 787 bp of the L1 segment of PRV-1 and 371 bp of the PRV-3 segment S1, were aligned with piscine orthoreovirus sequences accessible in GenBank using tools available at www.phylogeny.fr (Dereeper et al., 2008 
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Quantitative PCR was performed in duplicate using the Maxima Tiergesundheitsdienst Bayern, Germany. In the qPCR for aeromonads 16S rRNA a plasmid-based quantification of total gene copy numbers was performed as described earlier (Adamek et al., 2013) .
From fish showing prominent clinical signs (n = 10 Atlantic salmon, n = 10 tiger trout from Outbreak 1 and n = 10 rainbow trout from Outbreak 2), the spleen, head kidney and brain were pooled and collected in tissue culture medium (Eagle's minimum essential medium containing 10% foetal bovine serum, 100 IU ml −1 penicillin and 100 μg ml −1 streptomycin). After homogenization, samples were inoculated into RTG-2 and EPC cell culture monolayers for detection of VHSV, IPNV, and IHNV in accordance with the "General Procedures for Virology" indicated in the AFS-FHS Blue Book (Ganzhorn & LaPatra, 1994) and EU guideline (European Commission, 2015) .
Additionally, spleen, liver, and kidney samples collected from the same fish were inoculated into blood agar plates incubated at 15°C or 25°C for 48 hr and observed for bacterial growth. This was fol- 'epPCR' indicates an end-point PCR, 'qPCR' indicates an SYBR Green based quantitative PCR, '+' indicates positive signal in the end-point PCR; '−' indicates negative PCR result. Numbers indicate Cq values based on delta normalized fluorescence (dRn) data obtained in the quantitative PCR. Results from qPCR for aeromonads 16S rRNA are presented as gene copy numbers from plasmid-based quantification (Adamek et al., 2013) .
Three macroscopically affected hearts from Atlantic salmon were collected three-six months post the initial outbreak (See 
| RESULTS AND DISCUSSION
Virologic examination of samples from both outbreaks gave negative results in cell cultures, ruling out infections with VHSV, IHNV and IPNV. This also excluded any other virus which would be capable of replicating on RTG-2 or EPC cells (Ganzhorn & LaPatra, 1994) . Also, the RT-PCR assays for PMCV, SAV-2 and ASCV tested all samples negative (See Tables 1 and 2 ). Only PRV-1 and PRV-3 were detected in Atlantic salmon and rainbow trout, respectively.
From the 34 farmed Atlantic salmon screened, seven were positive for PRV-1 (20.5% prevalence). The virus was not found in four sampled wild salmon (Table 1) Table 1 ). At this time, the bacterial load in Atlantic salmon was low (See Table 1 ). The presence of a small amount of aeromonads rRNA in all samples is in line with earlier results showing that A. salmonicida DNA was commonly found in blood of Atlantic salmon (Mooney, Powell, Clabby, & Powell, 1995) . Nonetheless, it could also be related to a contamination during sample collection, since aeromonads are ubiquitous in the microbiome associated with the fish's skin or gills. However, it is also possible that PRV-1 and A. salmonicida infections existed in parallel in Atlantic salmon from the start of the outbreak and a coinfection with both pathogens was the cause of the initial health problem in the farm.
Nevertheless, this is the first confirmation of PRV-1 in Germany.
In a phylogenetic analysis of the L1 sequence fragment, the German isolate (GenBank ID: MG770489) showed the highest similarity to the Norwegian isolate NOR 2012-V3621 (See Figure 1a) . Taking into account the widespread distribution of this virus in farmed and wild populations of Atlantic salmon (Garver et al., 2016; Kibenge et al., 2013; Marty et al., 2015) , the detection of this virus in Atlantic salmon in Germany is not surprising. The results from a much wider screening performed in fish from Norwegian rivers showed that the virus could be found in 13.4% of wild Atlantic salmon, and in 24.0% of salmon cultured for the enhancement of natural stocks (Garseth, Fritsvold, Opheim, Skjerve, & Biering, 2013) . A screening performed in British Columbia (BC, Canada) indicated a prevalence of PRV-1 of 1.7% -100% in virus positive populations (Marty et al., 2015) . Similarly, in the neighbouring states of BC, in Washington and Alaska (USA), the prevalence of infection ranged from 2% to 73% in 25 PRV positive stocks, with Coho and Chinook salmon (Oncorhynchus tshawytscha) being the species found most frequently positive for PRV-1 (Purcell et al., 2018) . Importantly, PRV-1 infection of salmonids may cause heart pathology which may impact migration success to their reproduction sites as recently suggested from studies on Pacific salmonids in Canada (Morton et al., 2017) . In this recent research study, a negative correlation was observed between the amount of PRV-1 positive Pacific salmons (Oncorhynchus spp.) at a particular spawning site and the difficulty to reach this site by upriver migration. Although speculative, these results could indicate that a PRV-1 infection might pose a challenge to the migratory and reproductive success of infected individuals (Morton et al., 2017) .
Reduced hypoxia tolerance and cardiac performance have been shown for fish with experimentally-induced HSMI (Lund et al., 2017) .
The possible influence of PRV-1 infection on the migration success of returning anadromous salmonids should be monitored and modeled more closely for the German populations.
While PRV-1 seems to be common in several salmonid populations, much less is known about the prevalence of PRV-3 in salmonid aquaculture. In a recent experimental infection, the virus presence was strongly associated with the development of heart pathology in rainbow trout (Hauge et al., 2017) . The detection of this virus in two of eight rainbow trout tested from the second farm, with Cq values of 23.22 and 26.44 in heart samples, confirms the presence of this virus in the trout population in Germany. This is the third country (after Norway and Chile) where PRV-3 has been described (Cartagena, Tambley, Sandino, Spencer, & Tello, 2018; Olsen et al., 2015) .
Interestingly, the phylogenetic analysis of segment S1 sequence suggests that the German PRV-3 (GenBank ID: MG770490) is more similar to the Chilean PRV-3 isolate from Coho salmon than to PRV-3 from rainbow trout from Norway (See Figure 1b) . The latest phylogenetic studies on PRV-3 suggest that the newly detected isolates from Germany, Denmark, Scotland and Italy and Chile belong to a different clade (PRV-3b) than the PRV-3 isolate from Norway (PRV3a) (Dhamotharan et al., 2018) . Taken PRV-3 in Germany and suggests that further studies of prevalence are needed.
The PRV-1 and PRV-3 screenings presented in our study covered only a limited amount of animals. Furthermore, due to coinfections with A. salmonicida, the contribution of the viral infection to disease was more challenging to assess. Therefore, at this point, the epidemiologic importance of these viruses is difficult to evaluate for the German salmonid aquaculture and for the natural populations of Atlantic salmon. However, these findings confirm the large geographic distribution of piscine orthoreoviruses. Worldwide, aquaculture of salmonids is a significant source of animal protein for human consumption. Atlantic salmon and rainbow trout are the most popular salmonid species with a production of 3.14 million metric tonnes worldwide in 2015 (FAO, 2017) . Additionally, due to their high market value of nearly $15 billion, the aquaculture of these fish species is important for the gross domestic product of several countries, including Norway and Chile (FAO, 2017) . Piscine orthoreoviruses infection and diseases caused by them, could pose a challenge to the sustainable development of salmonid aquaculture worldwide. In this context, our findings should imply an increase in the awareness of PRV-1-and PRV-3-associated diseases in Atlantic salmon and rainbow trout populations. European diagnostic laboratories for aquatic animal health should include these infections in the diagnostic pool when investigating unexplained disease outbreaks in salmonid fish species.
